Thus, due to (11.11 and 11.12) one has the following commutation relations for the Cartesian operators: It is shown that the transport coefficients of dilute polyatomic gases in the ordinary NavierStokes regime contain an extra pressure dependence when the internal state Hamiltonian does not commute with the nonequilibrium distribution function-density matrix for the gas. As a specific example, the pressure dependence of the shear viscosity of a gas of paramagnetic molecules is considered. Furthermore, the pressure dependence of the Senftleben and Senftleben-Beenakker effects is discussed and examples are given of the different types of molecules for which pressure dependence in the field-free as well as in the field-dependent transport coefficients may be expected. the anisotropy in angular-momentum-space will be destroyed by an external field: it is, in fact, just a matching of the angular momentum precession frequency caused by the external magnetic field to the frequency defined by n -1 [021] = *inei. which is characteristic of the Senftleben effect for the shear viscosity, i. e., it determines the value on
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is the isotropic value of rj0 and cosr is proportional to c in frequency units. From the form of Eq. (11), it is already apparent that the final term within the curly brackets describes a dispersion-like behaviour. The only quantity which can be freely varied here is the pressure: the contribution arising from this term is maximal for the limit p -> 00 and zero for the limit p -0, reaching one half the maximal value for an intermediate pressure which is such that cosr r jnei. is unity.
A crude estimate of the pressure region where this behaviour can be seen can be made in the following way. It has been shown in ref. 5 that the collision bracket [023]? because of its structure, can be expected to be smaller than [021] and that it should be not unreasonable to estimate it to have between 10% and 1% of the value of the former quantity. This merely amounts to a time-scale argument and is not unprecedented: it is rather well known that even for the same collision brackets, different collisional processes which have widely different time scales can occur, the standard example of this being H2 for which reorientation collisions and energetically inelastic collisions occur on time scales which are separated by a factor of ten. Now, assuming [021] to be of the same order of magnitude as its equivalent square bracket integral for C02, [023] = T 'inei. can be, and quite probably is, rather different from that just discussed.
From such a point of view, it is perhaps illuminating to rewrite Eq. (10) as (11) of the effect, the same arguments which were applied to [023] would imply that the off-diagonal collision bracket lies between the full value for and 10% of [ § §?] • This leads to relative changes in of the order of l°/o to l°/oo for a gas having a Senftleben effect of about 1%. Although this is rather small, it should be within the range of modern measuring techniques and it could be used to obtain information regarding collision brackets not easily extracted from other measurements. Such a pressure effect is more interesting as a matter of principle in that even in the dilute gas regime, not all polyatomic molecules have rigorously density-independent transport coefficients. As will be seen in the ensuing section, the class of such polyatomic molecules can be quite large. Note, however, that in the case of measurements of the Senftleben effects, the leading term (unity) in Eq. (10) is no longer present and hence the extra pressure dependence to be found in such experiments can be expected to be rather marked.
Discussion
It will be clear from the foregoing sections that the Senftleben effects for paramagnetic gases will also show a pressure dependence and roughly in the same pressure range. This problem has been treated quite generally for 2 2 molecules 5 and even an explicit calculation of the thermal conductivity effect for a certain model has been undertaken 6 . The behaviour found for in ref. 6 was as follows: at some intermediate pressure, the effect first increases with increasing field as a normal dispersion-like curve, readies a maximum at higher fields and goes down to a very small saturation value. At very low pressures, the curve has the normal diamagnetic shape while at higher pressures, the maximum becomes smaller and finally disappears. This is illustrated in the figure where ys being the gyromagnetic ratio of the molecules in the gas and H the magnitude of the magnetic field.
A simple physical picture similar to that for diamagnetic gases can be constructed in order to explain this behaviour. It will be recalled that in the diamagnetic case, there is an anisotropy in angular momentum-space caused by the collisional coupling of linear and angular momenta and by the macroscopic gradient responsible for the transport phenomenon. This anisotropy results in a (small) contribution to the field-free transport coefficient con-^| cerned. In placing the system in a constant homogeneous magnetic field, the angular momentum anisotropy is partially destroyed by the precession caused by the field: it is seldom totally destroyed because the field is unable to attack the anisotropy contribution corresponding to the projection of the angular momentum along the field axis. In the case of paramagnetic molecules, there is a small anisotropy in the total angular momentum (J = N + S) space: this is still created by the collisional coupling of the linear and (nuclear rotational) angular momenta and is communicated into the total angular momentum space by the spin-rotation coupling. The applied field causes a precession of the electronic spin which in turn, again through the spin-rotation coupling, partially destroys not only the S-space anisotropy but also the IV-space anisotropy, thus causing a rather large (i. e., normal diamagnetic) end result. At somewhat higher field strengths, however, the electronic spin and nuclear rotational angular momenta become decoupled (i. e., they begin to precess independently) and, if the field is not sufficiently high to be causing a significant precession of N between two successive collisions, the anisotropy in N space is restored and the effect can return nearly to its field-free value (with only that anisotropy corresponding to S -Sn H being destroyed) . At still higher fields, the N-anisotropy is again partially destroyed through precession of N itself. For low enough pressures, no such dramatic behaviour will occur because the IV-anisotropy has already been destroyed by the precession of N before a field strength high enough to decouple N and S has been reached. The return of the saturation values to nearly the original saturation effect is not seen in the figure because the computer solution has not been taken far enough to show this. The final saturation value is still slightly pressure dependent; at low pressures it has the same value as reached in the figure fora = 10(a= | «'[gg] ffi] + [gg] K 1 ) while it is slightly higher at higher pressures (the difference is of the order of a few percent). The behaviour of the field-free effect will not be nearly as dramatic as that in the field and will be essentially that described in § 2 following Eq. (11).
Finally, it is worth discussing in slightly more detail the types of molecules for which density dependence in the field-dependent and in the field-free effects can be expected. Paramagnetic 2 2 molecules have been treated here in detail since they offer the simplest theoretically tractable example. It is clear that their nonlinear polyatomic analogues, 2 AX and 2 BX molecules, of which N02 and C102 are the most prominent examples, will show the same behaviour. In fact, TORWEGGE'S measurements 13 for N02 corroborate this conclusion even though his field strengths did not allow the full saturation effect to be achieved. For a gas of 2 TI molecules, the dominant term in the internal state Hamiltonian is that describing the spin-orbit coupling (corresponding to RussellSaunders coupling in atomic spectroscopy). As the spin-orbit coupling energy is of the order of k T at room temperature, the characteristic pressure region 
